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Abstract
Beach nourishment projects are common methods for coastal states to protect beaches and 
property from the natural erosive process. However, while the beneficiaries of beach 
nourishment tend to be local property owners and re-creators, projects are typically funded 
at the state level. Based on the benefit principle, as local residents receive more of the erosion 
protection benefits of the nourishment projects, we estimate a value capture tax, designed to 
levy the financing burden in a manner that approximates the distribution of benefits. The 
benefits of nourishment projects to coastal property owners are estimated using the results 
from a spatial-lag hedonic model that controls for view-shed effects.
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INTRODUCTION 
Beach erosion can be a major threat to a natural resource that provides significant benefits 
to local homeowners as well as local and non-local recreators. At the national level, the 
federal government is expected to spend more than $6 billion over the next fifty years to 
widen beaches (Parsons & Noailly, 2004). In Florida, a state that thrives economically from 
maintaining its coastline, approximately 59% of the 825 miles of state beaches are experiencing 
erosion, of which 387 miles (47%) are experiencing critical erosion that threatens 
recreational, cultural, and environmental interests, as well as future coastal development 
(FDEP, 2008). Under the Beach and Shoreline Preservation Act of 1965, the Florida Beach 
Erosion Control Program implements beach management planning recommendations and 
works in conjunction with local, state, and federal government entities. Currently, these 
entities manage over 192 miles of restored beaches in Florida, and through the fiscal year 
2006, over $582 million had been appropriated by the Legislature for beach erosion control 
activities as well as hurricane recovery (FDEP, 2008). 
There are essentially three strategies for managing beach erosion. The first method 
is shoreline armoring. This involves the onshore construction of hard structures such as 
rip-rap, bulkhead, groins, and seawalls, designed to reflect and absorb wave energy. Also, 
offshore structures, such as breakwaters and sills can be constructed to dissipate the energy 
of incoming waves. While many coastal communities around the United States use shoreline 
armoring, opponents of the strategy cite several negative impacts, including the adverse 
effects on adjacent shorelines, a decline in recreation due to the reduced aesthetic quality 
of the beach, and environmental effects, such as loss of wildlife habitat. 
The second strategy is beach nourishment. Typically, sand is pumped onshore from an 
offshore location. Bulldozers then build up the new sand on the beach until it meets a 
predesignated 
specification. While largely avoiding the negative aesthetic impacts of shoreline 
armoring, nourishment can be an expensive strategy and only represents a temporary fix, 
often requiring further rounds of additional nourishment at a future date (Pilkey & Dixon, 
1996; Pompe & Rinehart, 1995). Also, there are general concerns regarding the impact of 
dredging on sea floor habitats and marine life as a result of poorly designed or executed 
nourishment projects. 
The third strategy is natural retreat. Under this option, as shoreline erosion is an 
inevitable consequence for many coastal areas, coastlines are allowed to erode naturally 
without any structural or engineering intervention. Retreat involves a policy of removing 
houses, stores, and other infrastructure that would otherwise be lost to the short- and 
medium-term erosive process. Over the long term, new structures are built at a distance 
sufficiently inland as to not form a risk to the erosive process. Some recent research has 
considered the relative efficiency of the different strategies. For example, Parsons and 
Powell (2001) state that while a natural retreat policy is clearly the least cost option in 
terms of the monetary cost, society incurs a loss of productive land, capital loss in the 
form of lost housing and commercial structures, and proximity loss for structures that 
would otherwise be located close to the coastline. As the monetary costs of shoreline 
armoring and nourishment can be high and also recurring, Parsons and Powell (2001) 
consider the costs of beach retreat along the Delaware coastline. They estimate that the 
cost of beach retreat to be $291 ($2000) million over a 50-year period, while the present 
value cost of the existing nourishment program is substantially less at $60 million ($2000). 
Landry et al. (2003) consider the relative efficiency of the three strategies in terms of the 
recreational benefits, property value effects, and management costs. They find that while 
shoreline armoring is the least desirable option, the relative desirability for retreat versus 
nourishment depends on how management costs change over time and the realized erosion 
rate. 
 
Controversy surrounds all potential erosion protection measures as all impose costs 
on society. Adding further weight to concerns involves the method of project financing as 
most projects use a combination of state and federal dollars. In Florida, a large portion, if 
not all of the state’s funding expenses, are financed through a tourist development tax (also 
known as a bed tax), levied on rental properties or hotel/motel accommodations. As such, 
while the beneficiaries of the projects tend to be local residents and beach users, the method 
of financing imposes a disproportionately large burden on non-local visitors, via the bed 
tax, and the general population, via federal taxes. Even among the local beneficiaries of 
erosion control projects, inequalities can exist as local residents with properties closer to 
the coast accrue a larger proportion of recreation and storm protection benefits associated 
with beach nourishment projects than property owners further inland (Parsons & Noailly, 
2004).1 
 
The purpose of this article is to provide a model that estimates an equitable and 
feasible taxation policy for beach nourishment projects based on the benefit principle of 
taxation. In developing a taxation policy, the underlying proposition is that the distribution of 
financing the projects should reflect the distribution of benefits as much possible. Black et al. 
(1990) outlined the three steps necessary to adhere to such a taxation system as identifying 
beneficiaries, measuring the benefits from the renourishment projects, and designing the tax 
to levy the financing burden in a manner that approximates the distribution of benefits. They 
reasoned that the preferred method of financing projects is a combination of local property 
taxes and beach access fees. As such, property taxes capture the benefits attributable to local 
property owners while beach access fees capture the benefits to non-resident beach visitors. 
We follow the model by Parsons and Noailly (2004) by focusing on a tax on local residents, 
also known as a value capture tax, as it captures the benefits of nourishment projects to 
local residents in the capitalized value of coastal properties.2 As such, the beneficiaries 
of nourishment projects are identified as local residents. The benefits to coastal property 
owners are estimated using the proximity values in a hedonic property price model, then, 
the value capture tax is designed assuming that the benefits of nourishment projects are 
capitalized into property prices in the same proportion as the properties’ proximity values. 
Overall, the value capture tax provides a more equitable method of project financing 
as, by definition, those residents living closer to the beach receive greater benefits from 
nourishment projects, and so, under this taxation system, pay a greater share of the financing 
burden. 
 
We augment previous work that considers beach protection fees in a couple of ways 
(Black et al., 1990; Pompe & Rinehart, 1999; Parsons & Noailly, 2004). First, we control 
for spatial autocorrelation among property sales prices. Spatial issues are receiving 
increased attention in recent hedonic research (Paterson & Boyle, 2002; Bin et al., 2008). 
While most hedonic studies include distance-based measures to an amenity or resource 
to measure proximity value, they typically do not control for spatial dependence between 
home sales prices. However, research suggests that property values for homes in common 
neighborhoods can be interdependent as they may share similar housing characteristics 
and location amenities (Paterson & Boyle, 2002; Kim et al., 2003; Bin et al., 2008). That 
is, the price of a home can be highly correlated with the price and quality of neighboring 
properties. As such, interdependence can exist among property sales prices due to the 
proximity of homes to one another. Spatial autocorrelation measures the level, nature, and 
strength of interdependence. The nature of spatial autocorrelation may be positive or negative. 
A positive relationship indicates that properties in close proximity are more likely to 
have similar values, while a negative relationship implies that one is less likely to observe 
similar property values for homes proximate to one another. Failure to correct for spatial 
dependence can violate the assumption of uncorrelated error terms and lead to biased and 
inconsistent estimates on the proximity variables, and inefficient parameter estimates for 
the other variables in the hedonic model (Irwin & Bockstael, 2002). To correct for likely 
spatial autocorrelation, we create a spatial weights matrix that reflects the structure of the 
hypothesized spatial dependence. We use a contiguity matrix consisting of binary elements 
equal to 1 if two properties are within 100 meters of each other, zero otherwise.3 
 
The research is also innovative as we incorporate recent advances in Geographic 
Information System (GIS) techniques to measure the viewshed from each property. 
The critical element in deriving a value capture tax is to measure the implicit value 
associated with locating a property close to the shoreline. Typically, proximity value in 
hedonic analyses is measured by estimating the Euclidean distance between each property 
in the dataset and the shoreline. However, we argue that proximity value is comprised of two 
separate factors; namely beach access and view of the coastline. Simply using a distance 
based measure assumes that homes closer to the shoreline with better access also have an 
improved view. In a coastal community, this is not always the case, as dunes and other 
vegetation can obstruct the view of homes closer to the shoreline. As such, homes located 
farther back from the shoreline may have an improved view.4 We argue that the benefits to 
local homeowners from nourishment projects are best captured by their access values, and 
so, disentangling the two effects permits isolating access value for use in estimating the 
value capture tax. 
 
While access is relatively easy to capture using basic GIS techniques, adequately 
capturing view has proven to be more problematical in other hedonic research. Earlier work 
used single or scale dummies as proxies for a property’s view (Pompe & Rinehart, 1995; 
Doss & Taff, 1996; Bond et al., 2002; Tse, 2002; Bourassa et al., 2003). For example, 
Bensen et al. (1997) used three dummy variables (ocean front, unobstructed ocean view, 
and partial ocean view) to capture property views in Washington State, while Bourassa 
et al. (2003) used narrow, medium, and wide definitions of view to indicate the quality of 
a lake view on property values in Auckland, New Zealand. More recently, due to advances 
in GIS techniques, some researchers have measured a property’s viewshed to provide a 
more precise and objective measure of view (Paterson & Boyle, 2002; Bin et al., 2008). 
Lidar data provides information on the topographic surface of the coastal area, including 
property structures, dunes, and other vegetation. A view from each property can then be 
constructed that accurately accounts for other structures and vegetation that may obstruct 
a property’s view of the shoreline. View is captured by measuring the degree of viewshed 
from each property. A critical component in measuring view is to determine the observation 
point from each property. For each parcel, we simulated the highest livable story window 
observation point. For flat roofed homes, we used an observation point of 1.5 meters below 
the roof level. For traditional roofed homes, we used a measure of 3 meters below the roof 
level. The maximum view of the shoreline can be 180 degrees. Overall, use of lidar data 
provides an objective and continuous measure of each property’s viewshed that circumvents 
many of the problems inherent in previous view classifications. 
 
 
 
 
SITE OF INTEREST— PENSACOLA BEACH, FLORIDA 
 
The area of interest for this study is Pensacola Beach, located in Escambia County, the 
western-most county in Florida. The warm Gulf of Mexico waters and white sands serve 
to attract visitors year-round, principally from the Panhandle area, Alabama, Mississippi, 
and Louisiana. Tourism drives local economic development with a number of the main 
hotel chains, local restaurant and bars located on the beach. There are 281 single-family 
residences along a 2-mile strip of residential units on Pensacola Beach that provide the 
focus for the analysis. The residential strip is approximately 200 meters wide with the 
average property in the sample located 112 meters from the shoreline (Figure 1). 
Its location on the Gulf of Mexico makes the beach vulnerable from wave energy and 
storm activity. Hurricane Ivan, which made landfall in 2004 caused damage to properties 
across the county, while Katrina one year later caused flooding issues along coastal areas. 
There have been two renourishment projects over the last seven-year period. The first 
restoration in 2002–2003 cost $15.7 m and was paid for principally by the state with some 
local contribution. In 2005–2006 there was an “extraordinary” post-Katrina restoration 
costing $14.2 m, funded by Federal Emergency Management Agency (FEMA) plus some 
local funding. The renourishment projects provide storm protection benefits to residential 
and commercial properties. The projects also maintain the beach width, providing recreation 
benefits to local and visiting beach users.5 
 
 
 
 
 
Figure 1. Pensacola Beach properties by row. 
 
 
 
Property prices and home attribute data for homes sold between 1998 and 2007 
are derived from the Pensacola Realtors Association database.6 Property sales prices are 
adjusted to 2007 prices using the consumer price index for housing. Descriptive statistics 
are presented in Table 1. Of the 281 single family residences on the beach, we obtained 
sales data for 101 properties. From this sample, the average viewshed is measured as 42 
degrees of shoreline. The average property sales price over the period is $577,781, while 
the average home is 30 years of age, 1,853 square feet, with two bathrooms, and a one-car 
garage. 
 
 
HEDONIC PROPERTY PRICE MODEL 
 
Hedonic property price models are based on the theory of consumer behavior. The theory 
suggests that households value a good because they value the characteristics of the good 
rather than the good itself. In hedonic property price valuations, the price of the property 
is a function of the structural attributes (such as number of bathrooms, square footage 
of the property, and so on), neighborhood attributes (such as school quality and local 
crime rate), and environmental attributes (such as distance to the shoreline and view of the 
resource). Spatial dependence can be incorporated into the model in one of two ways. The 
first method is to estimate a spatially lagged dependent variable, which assumes that the 
spatially weighted sum of the neighborhood property prices is an explanatory variable in 
the model. The second method is to estimate a spatial-error hedonic model, which assumes 
that spatial dependence arises due to omitted variables or measurement errors that vary 
spatially. A robust Lagrange Multiplier (LM) test indicated that a spatially lagged model is 
appropriate.7 Our spatial-lag hedonic model takes the form 
(1) 
 
where LnPit is the natural logarithm of the real sales price of the ith property at time t, xit 
is a vector of structural attributes and the sales date of property i, r1i through r4i are row 
dummies where rkit is equal to 1 if the property is located in Row k, and 0 otherwise, vit 
is the viewshed of each property, εi is a random error term.8 In the model, λ is the spatial 
autoregressive parameter, while WP is the vector of spatially lagged dependent variables 
for the weights matrix, W. The coefficients to be estimated are α, β, δ, γ , and λ. 
In the hedonic framework, the partial derivative of Equation (1) with respect to each 
housing attribute variable yields the corresponding implicit price of the housing attribute. 
As the implicit values of locating a property in each row are given by the relevant row 
dummies in a log-linear specification and the implicit row prices vary with property values, 
the implicit value of locating a property in Row k is 
(2) 
 
where is the fitted value for property i. 
 
 
Table 1  
Definitions and summary statistics for variables for Pensacola Beach, FL properties (n = 101) 
 
 
 
VALUE CAPTURE TAX 
 
We follow the framework set out by Parsons and Noailly (2004) to estimate the value 
capture tax for properties located in each housing row. The first step in measuring the tax 
is to calculate the proximity index for each row relative to Row 1. For any Row k, the 
proximity index (Ak) is the ratio of the proximity value in that row relative to the proximity 
value in Row 1. So, 
 
 (3) 
 
 
 
Following Parsons and Noailly (2004), we estimate ˆPik by using the median fitted values 
for property prices in row k. 
As the cost of nourishment projects and number of homes per row is known, a perhousehold 
baseline tax rate can be estimated using the following equation: 
 
 (4) 
 
 
 
where Cm is the cost of the nourishment project m, tm is the baseline household tax rate, 
and hk is the number of homes in Row k. Finally, the value capture tax is calculated using 
the proximity index shown in Equation (3). For Row k, the household value capture tax is 
 
(5) 
 
 
 
As the proximity index for homes located in Row 1 is equal to 1, the per-household value 
capture tax for a home in Row 1 (τ 1) is the baseline tax rate. As the proximity index 
decreases for homes located farther from the shoreline, the per-household value capture 
taxes will decrease accordingly. This adheres to the benefit principle of the taxation system 
as homes located farther from the shoreline receive less benefits from nourishment projects, 
and so, their finance burden is reduced proportionately. 
 
 
RESULTS 
 
In estimation, we test both a spatial-lag (Model 1) and a spatial-independent (Model 2) 
hedonic model with log P as the dependent variable via maximum likelihood.9 The 
regression results are presented in Table 2. Comparing the models, the magnitudes and 
statistical significance of all parameters is largely unaltered; however, a likelihood ratio 
test signals that the spatial-lag model is preferred.10 In Model 1, the spatial autoregressive 
parameter, λ, is positive and significant, suggesting that spatial dependence in property 
prices exists. InModel 1, having controlled for spatial dependence, property prices increase 
with the number of bathrooms, the size of the garage, and the size of the home (although 
the magnitude of the coefficient on SQFT is small, which we believe is primarily due to the 
uniform nature of the beach properties). As expected, the price of the property is negatively 
correlated with age, as older homes sell for less, all else being equal. The quadratic 
specification on age captures the increasing marginal effects of age on a property’s value. 
Finally, the year dummies illustrate the large run up in local property prices from 2004 onward. 
The key variables of interest are our measures of viewshed and beach access. The 
view coefficient is positive indicating that homeowners are willing to pay a premium for a 
view of the Gulf. Based on the sample average, the size of the VIEW coefficient suggests 
that a one-degree increase in a property’s viewshed increases its value by $1,603. This is 
larger than the findings of Bin et al. (2008), in which they find a median willingness to 
pay for an equal increase in viewshed of $1,296 (converted to 2007 dollars) for properties 
along the North Carolina coastline. Results for proximity (Row 1 through Row 4) indicate 
that, as expected, there is an increase in value for properties located closer to the Gulf. 
Row1 represents a Gulf front property and Row 5 is the excluded Row. Results from the 
spatial-lag model specification indicate that a Gulf-front property is worth approximately 
53% more than an equivalent home located in Row 5. We also find that the proximity 
premium declines to 25%, 23%, and 15% for properties located in Row 2, Row 3, and Row 
4, respectively. 
 
 
Table 2 
 
Hedonic property price model results for Pensacola Beach, FL properties 
 
 
 
 
 
We use the proximity values from the spatial lag model to estimate the tax indices 
(AK) shown in Equation (3), using the median fitted values for property prices in each 
row (Table 3). Table 4 provides the actual number of properties located in each row along 
the renourished strip of the two-mile residential portion of the beach and the estimated 
value capture tax. Before discussing the estimated value capture taxes, some preliminary 
observations are required. First, we use an estimate of $15 million, based on the cost of 
the previous two renourishment projects at the beach, as the project cost estimate, Cm. We 
pro-rate the cost based on the proportion of the project that nourishes the residential portion 
of the beach.11 Next, we assume that the residential portion of the renourishment project is 
paid for entirely through the taxation system. As suggested by Black et al. (1990), beach 
access fees can also form a part of the payment mechanism. However, in our analysis, as 
only the residential portion of the beach is considered, we feel that it’s appropriate to ignore 
any beach access fees that could be charged for this section of the project. Finally, we 
impose the restriction that only homes in the first four rows contribute toward the tax. This 
is supported by our proximity values, and results from other studies, that typically show 
that the implicit value of living close to the given resource diminishes quickly for homes 
behind the first row (Bensen et al., 1997; Major, 2003; Parsons & Noailly, 2004). 
 
 
Table 3 
 
Tax indices 
 
 
 
 
 
Table 4 
 
Value capture tax (Annual payment) 
 
 
 
 
 
We estimate an annualized tax payment, assuming two different expected project life 
spans of 5 years and 10 years, to form what may be considered as lower- and upperbound 
estimates, as renourishment of the region’s beaches typically takes place over this 
time period. We estimate an annual value capture tax payment for Gulf-front properties of 
$2,903 for renourishment projects recurring every 10 years to $5,807 for 5-year projects.12 
As implied by the tax indices, the annual tax payments decrease as properties move inland, 
to between $1,385 and $2,770 (for 10-year and 5-year projects, respectively) for Row 
2 properties, $1,270 and $2,540 for Row 3 properties, and $842 and $1,684 for Row 4 
properties. 
 
CONCLUSION 
 
We estimate a spatial lag hedonic property price model to measure the proximity values 
of homes located on Pensacola Beach, FL. Based on the benefit principle, we propose 
a value capture tax imposed on local residents to finance the recurring costs of beach 
renourishment projects. As properties closer to the shoreline receive more of the erosion 
protection benefits of the renourishment projects, the value capture tax is designed to levy 
the financing burden in a manner that approximates the distribution of benefits. Using lidar 
data on the topographic surface of the coastal area, we include a measure of viewshed 
from each property to account for the role of view on local property prices. We reason that 
the coefficients on row dummy variables represent the proximity value associated with a 
property located on each row. Model results indicate an annual tax payment of $2,903 for 
Gulf-front properties, assuming a 10-year expected lifetime for each renourishment project. 
The tax payment then declines to $1,385 for Row 2 properties, $1,270 for Row 3 properties, 
and $842 for Row 4 properties, again assuming a 10-year useful life of a project. While 
an annual payment for Gulf-front properties may seem high, it is important to note that 
the average property price for Gulf-front properties in our sample was approximately $1.2 
million. Further, the tax payment will vary based on the longevity of the renourishment 
project. For example, if a tropical storm or hurricane impacted the area, then further 
renourishment may be warranted, requiring an adjustment to the payment schedule. 
 
 
 
NOTES 
 
1. Not all households adjacent to the shoreline perceive beach nourishment to provide benefits. 
Two groups (SaveOur Beaches and Stop the Beach Renourishment, Inc.) inWalton County, FL, 
took a legal battle to the Florida Supreme Court, arguing that renourishment infringed on their 
property rights as the state was placing renourishment sand on their property without their 
consent. In September 2008, after a four-year battle, the Florida Supreme Court ruled that the 
State’s Beach and Shoreline Preservation Act is constitutional. 
 
2. As the site of interest is a residential beach and the focus of the article is to provide an 
equitable property tax, we do not include a beach access fee as part of the tax policy. 
 
3. As there is little formal evidence regarding the choice of weighting matrix (Anselin, 2002), 
we chose a contiguity matrix that identifies non-zero elements for properties within a 100-meter 
distance based on our knowledge and observations of the study area and comparing the fits of 
a range of model specifications with different weighting distances. 
 
4. For example, properties five rows back from the shoreline have an average viewshed angle 
of 23.6 degrees compared to 12.6 degrees for properties four rows back. 
 
5. Random utility models and willingness to pay estimates provide evidence of recreational 
benefits for users of wider beaches [Parsons et al. (1999); Landry et al. (2003).] 
 
6. The authors thank the Pensacola Association of Realtors for allowing access to their property 
transactions database. 
 
7. Robust LM tests showed spatial-lag dependence (χ2 = 12.995; p-value = 0.000) but indicated 
no spatial-error dependence (χ2 = 0.985; p-value = 0.321). 
8. Block 5 is the omitted block in the model. 
 
9. The spatial autocorrelation estimation was implemented within the GeoDa v.0.9.5-I (2005) 
environment. GeoDa is a geospatial analysis software package developed at Arizona State 
University for spatial process modeling. 10. χ2 = 13.123; p-value = 0.000 
 
11. The total length of the beach renourishment is 8.2 miles. The cost of nourishing the 2-mile 
residential strip is then estimated as ((2/8.2)*$15million). 
 
12. All figures are in dollars for the year of the project. For presentation purposes, annual 
payments are calculated on a linear basis as the tax per-household in Block k divided by the 
assumed life of the project, thus ignoring potential compounding interest rate issues. 
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